Surface-enhanced Raman spectra (SERS) of methyl N-(1H-benzimidazol-2-yl)carbamate (MBC), usually named carbendazim, have been recorded on silver colloids at different pH values. In order to identify the neutral, protonated or deprotonated species of MBC that originate the SERS, the vibrational wavenumbers of these three isolated forms and linked to a silver atom have been predicted by carrying out DFT calculations. The results indicate that the active SERS species in the studied pH range correspond to the neutral MBC and its deprotonated ion in the amidate form. According to theoretical calculations, neutral MBC is linked to the metal through the imidazolic nitrogen atom, while the deprotonated MBC could be linked through the imidazolic nitrogen together with the amidic nitrogen atom or the carbonyl oxygen atom. Both adsorbed species, neutral and deprotonated, have the benzimidazolic ring orientated almost perpendicular to the silver surface and no molecular reorientation has been detected. The relative abundance of the neutral MBC and its amidate anion is experimentally followed through the intensities of the SERS bands recorded at about 1230 and 1270 cm -1 . These two key lines correspond to the in-plane NH deformation of amidic and imidazolic groups, respectively, which can be used as pH sensor.
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Beside analytical applications as chemical sensor, SERS is also a powerful tool to gain insight into the nature of the metal-adsorbate hybrid, the bonded molecular species and its chemical interaction with the metal nanostructure. [14] [15] [16] SERS spectra of simple molecules related to MBC such as benzimidazole (BIZ) 16 and imidazole (IZ) 15 have been previously studied. In the case of BIZ two different types of adsorption are proposed depending on the pH, through the π-electrons of the aromatic ring at neutral pH or through the lone pair of the nitrogen atom at acidic pH, as occurs in heterocyclic molecules like diazines 17 and IZ. 16 A similar behavior was found in the case of cyanide ion where a molecular reorientation from perpendicular to parallel adsorption occurs when the cyanide concentration is lowered. 18 MBC is a much more complex adsorbate given that three different chemical species have to be considered depending on the pH: the neutral molecule (MBC 0 ) and the protonated (MBC + ) and the deprotonated (MBC -) charged species. The energies of both ionic forms are stabilized by resonance because of the positive or negative charge can be delocalized along the aromatic heterocyclic ring and the carbamate group. This effect slightly increases the basicity of the imidazolic nitrogen (pK a1 =4.5) with respect to other compounds with sp 2 hybridization 19 although remains less basic than the imidazole (pK a =7.0), the aliphatic amines (pK a =10-11) and ammonia (pK a =9.24). On the other hand, the amidic nitrogen atom located in the carbamate group is slightly more acid (pK a2 =10.6) than the aliphatic amides (pK a =14-15). 19 This work is mainly focused on the study of the effect of the pH in the coordination of a complex molecular system like MBC on metallic plasmonic surfaces by means of SERS in order to identify the adsorbed species and the specific interacting center with the metal. In this way, SERS spectra of 10 -5 mol/L MBC have been recorded on silver sols at several pH values ranging from pH=2 up to 12. The analysis of the results has been carried out with the help of Density Functional Theory (DFT)
calculations which have proved once again their usefulness in the spectral interpretation.
Methods
All reagents and MBC were purchased from Sigma-Aldrich. Stock solutions (10 -3 mol/L) of MBC were prepared with ethanol (100%) provided by VWR, Prolab. Silver sols and aqueous solutions were prepared with water from Milli-Q system (18.2 MΩ.cm resistivity).
Preparation of Ag nanoparticles and SERS measurements. Ag nanoparticles
(AgNPs) were prepared by reducing an aqueous solution of silver nitrate (10 -2 mol/L) with hydroxylamine hydrochloride (1.66 x 10 -3 mol/L) in alkaline medium (300 μL NaOH 1.0 mol/L) under vigorous stirring according to the procedure described elsewhere. 20, 21 Other reducing agents such as citrate and NaBH 4 can be alternatively used to obtain colloidal suspensions, but it has been shown that the NPs obtained by using hydroxylamine show a more uniform distribution of size and shape and no interferences from the remaining oxidation products are detected. Raman spectra were obtained using a micro-Raman inVia Renishaw spectrograph, equipped with an electrically cooled CCD camera, under 532 nm excitation and diffraction grating of 1800 l/mm. The laser power reaching the sample was about 2.0 mW and the spectral resolution was set to 2 cm -1 . Raman spectrum of powder was recorded using the 785 nm exciting line to avoid fluorescence emission.
The UV-VIS extinction spectra of aggregated colloid suspensions of MBC diluted to 10% in water have been recorded in a Cintra 5 spectrophotometer using an 1 cm pathlength cell. Figure 1 shows the B3LYP/6-31G* optimized geometry of the MBC species 
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The silver cation is bonded to the imidazolic or the amidic nitrogen atoms in the optimized complexes of MBC 0 or MBC -species, respectively, as occurs in heterocyclic aromatic molecules where the nitrogen atom is preferred to adsorb on the metallic surface. 29, 30 In the case of MBC + , the only possible interaction with silver is through the π-system of the aromatic rings given that all the nitrogen are bonded to hydrogen. As expected, the MBC + -Ag + complex dissociates in the optimization process. Therefore, a negatively charged silver atom has been considered in order to predict the vibrational wavenumbers associated to this species (MBC + -Ag -). All the calculated wavenumbers of the different complexes are real indicating that the optimized geometries correspond to equilibrium structures and no scaling factor was used for the force field given that the accuracy of B3LYP vibrational wavenumbers are typically better than 95% of the experimental values. 31 All calculations have been carried out using the GAUSSIAN09 program package.
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Results and discussion SERS spectra of carbendazim at different pH. Raman spectrum of solid MBC ( Figure S1 ) has been recorded giving that the low solubility of MBC prevents recording Table S1 correlates the experimental Raman wavenumbers of solid MBC and those of BIZ and IZ together with those calculated by using the B3LYP/6-31G* method for all the considered chemical species. There are also a couple of bands recorded over 1400 cm -1 showing a similar behavior to that described for the 1200 and 1500 cm -1 regions, that is, their relative intensities are reversed at basic pH in agreement with the proposed assignment giving that both fundamentals are related to the NH AM and NH IZ in-plane deformations.
Regarding the high wavenumber region (Figure 4) , two broad SERS bands are recorded in all spectra at about 3400 and 3200 cm -1 , respectively. Their intensities are not depending on pH and are due to water. However, two bands appear at lower wavenumber, 3070 and 2950 cm -1 , whose relative intensities are very sensitive to the pH and are reversed like occurs with the key bands recorded at 1230 and 1270 cm -1 .
This implies that they should be also related to the amidic and imidazolic NH groups.
These bands are involved in a Fermi resonance 37, 38 concerning the CH stretching modes of aromatic molecules, 33 recorded at about 3000 cm -1 , and the overtone of the strong fundamentals at 1500 cm -1 assigned to the amidic and imidazolic in-plane NH deformation as explained. Accordingly, the bands at 3070 and 2950 cm SERS band recorded at ca. 1295 cm -1 which is assigned to NH deformation of the protonated imidazolic nitrogen (see Table S2 ), corroborates that MBC 0 or MBC -species originate the SERS. can be used as a sensor of pH given that it is related to the relative abundance of MBC 0 /MBC -species. A linear dependence can be appreciated in Figure 6 where the relative intensity of these bands is plotted vs. 
